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Abstract 

A search for neutral Higgs bosons decaying to pairs of r leptons with the ATLAS detector at the LHC is presented. The 
" ^ " l" analysis is based on proton-proton collisions at a center-of-mass energy of 7 TeV, recorded in 2010 and corresponding to 
,—1 |an integrated luminosity of 36 pb~^. After signal selection, 276 events are observed in this data sample. The observed 
^^ number of events is consistent with the total expected background of 269 ± 36 events. Exclusion limits at the 95% 
^N confidence level are derived for the production cross section of a generic Higgs boson (j) as a function of the Higgs 
O boson mass and for A/H/h production in the Minimal Supersymmetric Standard Model (MSSM) as a function of the 
^ parameters tua and tan/3. 
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1. Introduction 

Discovering the mechanism responsible for electroweak 
Symmetry breaking and the origin of mass for elementary 
particles is one of the major goals of the physics program 
'at the Large Hadron CoUider (LHC) [l|. In the Standard 
Model (SM) this mechanism requires the existence of a 
fecalar particle, the Higgs boson l^, Isl |j, la, |6| . In exten- 
sions of the Standard Model to the Minimal Supersymmet- 
Tic Standard Model (MSSM) f?,^, two Higgs doublets of 
opposite hypercharge are required, resulting in five observ- 
'able Higgs bosons. Three of these are electrically neutral 
,{h, H, and A) while two are charged (H^). At tree level 
their properties such as masses, widths, and branching ra- 
tios can be predicted in terms of only two parameters, 
Soften chosen to be the mass of the CP-odd Higgs boson, 
jTiA, and the ratio of the vacuum expectation values of the 
two Higgs doublets, tan/3. The Higgs boson production 
proceeds mainly via gluon fusion or in association with 
b quarks, with the latter becoming more important for 
large tan/3. 

In this paper, a search for neutral MSSM Higgs bosons 
in the decay mode A/H/h -^ t+t^ with the ATLAS 
detector [9| is presented. The decay into a t^t~ pair 
is a promising channel since the coupling of the Higgs 
bosons to third-generation fermions is strongly enhanced 
over large regions of the MSSM parameter space. The 
search considers Higgs boson decays to e/i4i/, eThad^v, and 
fJ'Thad^v, where r^ad denotes a hadronically decaying r lep- 
ton. These topologies have branching ratios of 6%, 23%, 
and 23%, respectively. This analysis is complementary to 
previous searches at the e'^e~ collider LEP at CERN [10| 
and similar to those performed at the pp collider Tevatron 
at Fermilab ll|, \l^ , and extends to regions of the MSSM 



parameter space untested by these machines. The CMS 
Collaboration has recently published results of a similar 
analysis [13[. 

2. Event samples 

The data used in this search were recorded with the 
ATLAS detector in proton-proton collisions at a center-of- 
mass energy of y/s — 7 TeV during the 2010 LHC run. The 
ATLAS detector is described in detail elsewhere [9| . In the 
ATLAS coordinate system, polar angles 9 are measured 
with respect to the LHC beamline and azimuthal angles 
are measured in the plane transverse to the beamline. 
Pseudorapidities rj are defined as 77 = — In tan | . Trans- 
verse momenta are computed from the three-momenta p 
as pt = \p\ sin 9. The integrated luminosity of the data 
sample, considering only data-taking periods where all rel- 
evant detector subsystems were fully operational, is 36.1 ± 
1.2 pb~^ [1J|. The data were collected using a single- 
electron trigger with px threshold in the range 10—15 GeV 
for the CTfiad and e/i final states, and a single-muon trigger 
with Pt threshold in the range 10 — 13 GeV for the iiThad 
final state. With respect to the signal selection described 
below, the total trigger efficiencies are 99% and 82% for 
electrons and muons, respectively. Events that pass the 
trigger are selected if they have a reconstructed vertex that 
is formed by three or more tracks and lies within 15 cm of 
the nominal interaction point along the beam axis. 

The cross sections for Hig gs b oson production have 
been calculated using HIGLU [15J and ggh@nnlo [l6| for 
the gluon fusion process. For the 6-quark associated pro- 
duction, a matching scheme described in [l7| is used to 
combine the next-to-leading order (NLO) calculation for 
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gg — >■ bbA/H/h in the 4-flavor scheme ISJ, ll9| and the 
next-to-next-to-leading order (NNLO) calculation for bb -^ 
A/H/h in the 5-flavor scheme [20j. The masses, couplings, 
and branching ratios of the Higgs bosons are computed 
with FeynHiggs [llj. The ratio of the MSSM Yukawa cou- 
plings and their SM values have been used to derive the 
MSSM cross sections from the respective SM cross sec- 
tions. Details of the calculations and associated as, par- 
ton distribution function (PDF) and scale uncertainties 
can be found in Ref. [22|- The direct gq — )■ A/H/h produc- 
tion is simulated with MC@NLO [23|, and the associated 
bbA/H/h production with SHERPA 0. Both gg -)■ A 
and bbA samples are generated at 1 1 values of niA , in the 
range from 90 to 300 GeV. These samples are also used 
for the H and h bosons assuming the same kinematics 
of the decay products. For any given uia and tan/3, the 
masses uih and rrih of the H and h bosons are calculated 
in the m™'*^ MSSM benchmark scenario [25| and A bo- 
son events with mA closest to rriH and mh, respectively, 
are added to these samples with appropriately scaled cross 
sections to obtain a signal sample for A/H/h production. 
The increase of the Higgs boson natural width with tan /3 
is neglected as it is small compared with the experimental 
mass resolution. Table [T] shows the signal cross section 
times branching ratio for tan/3 = 40 and ttia = 120 GeV. 



Table 1: Cross sections for signal and background processes. For 
A/H/h production, the cross section is multiplied by the branching 
ratio for A/H/h —> t~^t~. The signal cross sections are given for 
tan/3 = 40 and the three values quoted correspond to A/H/h pro- 
duction, respectively. For m^ = 120 GeV and tan/3 = 40, the H 
and h boson masses in the m™"^ scenario are mu = 131.0 GeV and 
mh = 119.5 GeV. 



real leptons from decays of heavy quarks or if jets are 
misidentified as electrons, muons, or hadronic r decays. 

The production of W and Z bosons in association with 
jets is simulated with the ALPGEN ^\ and PYTHIA [27 1 
generators. The ti and single-top processes are gener- 
ated with MC@NLO, and for di-boson production HER- 
WIG 113 and MC@NLO are used. The loop-induced pro- 
cess gg — )■ WW is generated with gg2WW [29[ . For events 
generated with ALPGEN, HERWIG, MCONLO and gg2WW 
the parton shower and hadronization are simulated with 
HERWIG and the underlying event with JIMMY ^ . The 

and PHOTOS 'ss] are used to 



programs TAUOLA [3l|,l3 



model the decays of r leptons and the radiation of photons, 
respectively, in all event samples except those generated 
with SHERPA. 

Table [T] summarizes the inclusive cross sections for the 
above processes, which are used to normalize the simu- 
lated event samples. The cross section for single gauge 
boson production is calculated at NNLO in QCD pertur- 
bation theory [34] , for ti production at NLO and next-to- 
leading logarithms (NLL) |35l . 13611 . and for single-top and 
di-boson production at NLO [23[. No simulated samples 
for the QCD jet background are used, as this background 
is entirely estimated with data. All simulated samples are 
processed through a full simulation of the ATLAS detec- 
tor based on GEANT4 [13, HI]. To match the pile- up 
(overlap of several interactions in the same bunch cross- 
ing) observed in the data, minimum-bias events 39. 40i] 
are overlaid to the generated signal and background events, 
and the resulting events are reweighted so that the distri- 
bution of the number of reconstructed vertices per bunch 
crossing agrees with the data. 



Signal process 



cr X BR [pb] 



bbA/H/h{-^ tt), ruA = 120 GeV 30.8/1.08/32.3 

gg -s- A/H/h{-^ tt), tua = 120 GeV 20.5/2.97/19.3 



Background process 



f7[pb] 



W -> i+icis [i = e, ^, r) 

Z/7* -^ i+£-+icts {mu > 10 GeV) 

ti 

Single-top (t— ,s— and M^t-channels) 

Di-boson {WW, WZ and ZZ) 



10.46 X 1(P~~ 

4.96 X 10^ 

164.6 

58.7, 3.9, 13.1 

46.2, 18.0, 5.6 



Processes producing W or Z bosons that subsequently 
decay into leptons constitute the most important back- 
ground. These processes include W + jets, Z/j* + jets, 
where 7* denotes a virtual photon, top-quark (ii and single- 
top) and electroweak di-boson {WW, WZ, ZZ) produc- 
tion. Here, Z/j* — >■ r+r" -|-jets events constitute a largely 
irreducible background for Higgs boson masses close to the 
Z boson mass. Z/j* — >■ i^i~ -I- jets {i — e, /i) events con- 
tribute if one of the charged leptons or an accompanying 
jet is misidentified. Due to its large cross section, jet pro- 
duction in Quantum Chromodynamics (QCD) processes 
provides a significant background contribution if there are 



3. Object reconstruction 

Electron candidates are reconstructed from a cluster of 
energy deposits in the electromagnetic calorimeter matched 
to a track in the inner detector. The cluster must have a 
shower profile consistent with an electromagnetic shower 41 1 
Electron candidates are required to have a transverse mo- 
mentum above 20 GeV and a pseudorapidity in the range 
|ry| < 1.37 or 1.52 < |?7| < 2.47. Muon candidates are re- 
constructed by combining tracks in the muon spectrometer 
with tracks in the inner detector 41|. They must have a 
transverse momentum above 10 GeV and a pseudorapidity 
in the range Jt^I < 2.5 and < 2.4 in the £Thad and efj, final 
states, respectively. Isolation requirements are imposed 
on electron (muon) candidates by requiring that the addi- 
tional transverse energy in the calorimeter cells in a cone 
of radius AR == ^/{Kij)^'+JK^ = 0.3 (0.4) centered on 
the lepton direction is less than 10% (6%) of the electron 
(muon) transverse energy (momentum). In addition, the 
sum of the transverse momenta of all tracks with px > 
1 GeV within AR = 0.4 around the lepton direction, ex- 
cluding the lepton track, must be less than 6% of the lepton 
track transverse momentum. The reconstruction of candi- 
dates for hadronic r decays is based on calorimeter jets re- 



constructed with the anti-Zcr algorithm 42|, |43| with a dis- 
tance parameter R — 0.4, seeded using three-dimensional 
topological calorimeter energy clusters. Their identifica- 
tion, including vetoing electrons and muons, is based on 
observables that describe the shape of the calorimeter shower 
and on tracking information, which are combined in a 
likelihood discriminator 4J]. At candidate must have 
a visible transverse momentum, Pj.^^'^, above 20 GeV, a 
pseudorapidity in the range |ry| < 2.5, 1 or 3 associated 
tracks {pt > 1 GeV) and a total charge of ±1, computed 
from all tracks associated with the candidate. The efh- 
ciency of the r identification for 1-prong (3-prong) t can- 
didates with py'"*^ > 20 GeV is about 65% (60%) and the 
probability to misidentify a jet as a r lepton, as deter- 
mined from a di-jet control sample, is about 10% (5%). 
When candidates fulfilling the above criteria overlap with 
each other geometrically (within AR < 0.2), only one 
of them is selected. The overlap is resolved by selecting 
muons, electrons and r candidates in this order of priority. 
The missing transverse momentum in the event, E!^^^^ = 

■\/{E^^^^ )2 + (_E""^^ )^, is reconstructed as the vector sum 

of all topological calorimeter energy clusters in the region 
1 77 1 < 4.5 and corrected for identified muons |41| . 

4. Event selection 



The signatures of A/H/h 



+ T- 



— > T^T^ — > e/j,4j/ signal 
events are one isolated electron, one isolated muon and 
E^^^^ due to the undetected neutrinos from the two r de- 
cays. Exactly one electron with p^ > 20 GeV and one 
muon with pi^ > 10 GeV with opposite electric charge are 
required. In order to suppress backgrounds from ti, single- 
top and di-boson production two additional requirements 
are applied. The scalar sum of the transverse momentum 
of the electron, the transverse momentum of the muon 
and the missing transverse momentum must be smaller 
than 120 GeV, and the azimuthal opening angle between 
the electron and the muon must be larger than 2.0 rad. 

The signatures of A/H/h — > t^t~ signal events, where 
one r lepton decays leptonically and the other hadron- 
ically, are an isolated electron or muon, I', a r candi- 
date, Thad, and E^^^'^ due to the undetected neutrinos 
from the two r decays. Exactly one electron or muon with 
p'^ > 20 GeV OT pi^ > 15 GeV and one oppositely-charged 
T candidate with p^""^^ > 20 GeV are required in the event. 
Events with more than one electron or muon, using the lep- 
ton pt thresholds from the object definition given in Sec- 
tion |31 are rejected to suppress events from Z/-f* — > i'^i~ 
{i = e, /i) decays and from ti and single-top production. 
A missing transverse momentum above 20 GeV is required 
to reject events with jets from QCD processes as well as 
Z/"/* — ^ £+e~ {£ — e,fj.) decays. Events with real lep- 
tons from W ^ (.v decays are suppressed by requiring the 
transverse mass of the £-E^^^^ system, defined as 



to be below 30 GeV. Here p^ is the transverse momen- 
tum of the electron or muon and Acf) is the angle between 
the electron or muon and the E^^^^ vector in the plane 
perpendicular to the beam direction. 

Table [5] compares the number of selected events in data 
with those expected from the simulation of various back- 
ground processes, not including QCD jet production. Af- 
ter the full selection, 70, 74, and 132 data events are ob- 
served in the e/i, CThad, and ^r^ad channels, respectively. 
The estimation of backgrounds based on data control sam- 
ples used for the final results of the analysis is discussed 
in Section [5] The signal efficiency amounts to 7(3)% for 
ruA = 120 GeV and 9(8)% for ruA = 200 GeV in the 
e/i {£Tfiad) final states. 

After the selection of signal candidates in the e/i final 
state, the effective mass, m°^'''^''™ , is used as the discrimi- 
nating variable to search for a potential Higgs boson signal. 
Here, 777,offcctivc jg calculated as the invariant mass of the 
electron, muon and E^'^^ system according to 



^effective 



(Pe +P11 +Pmiss)^, 



(2) 



mx = -y/2p^^f"""(l - cos A0), 



(1) 



where Pe and p^ denote the four-vectors of the electron 
and muon, respectively, and the missing momentum four- 
vector is defined by p^i^^ = (S™'"", E^''''' , ^™'"" , 0). 

In the eTjiad and fiT^ad final states, the visible t~^t~ 
mass, 171!^^^^^^°, defined as the invariant mass of the elec- 
tron or muon from the leptonic t decay and the hadron(s) 
from the hadronic t decay, is used as the discriminating 
variable. 

Figure [1] shows distributions of 771°*^'^'^''^° and rri^'^'^''' 
for the data, compared to the background expectations 
described in Section [5] 



5. Background estimation 

In the search for a Higgs boson signal the normaliza- 
tion and shape of the to^'^''^'° and TTj^ffoctivo distributions 
for the sum of all background contributions have to be 
determined. Data control samples are used, where possi- 
ble, to estimate or validate the most relevant background 
sources: Z/j* — >■ t'^t~ and QCD jet production in the 
e/t final state, and W -I- jets, Z/-f* — > t'^t~, and QCD 
jet production in the £Thad final state. The remaining 
backgrounds given in Table [5] are estimated solely from 
simulation. 

5.1. QCD jet background in the e/i final state 

For the estimation of the QCD jet background, four 
independent samples are selected by using selection cri- 
teria on two variables: the isolation of the electron and 
muon and their charge product. The signal region A is de- 
fined by the selection criteria defined above, i.e. opposite- 
sign isolated leptons. Region B contains same-sign iso- 
lated leptons, region C opposite-sign anti-isolated leptons, 
and region D same-sign anti-isolated leptons. Anti-isolated 



Table 2: Number of selected events in data and expected from Monte Carlo (MC) simulation for a data sample corresponding to 36 pb~^. 
The total A/H/h signal yields for rriA = 120 GeV and tan /3 = 40 are shown in the rightmost column. Only the MC statistical uncertainties 
are quoted. No MC expectation is given for the QCD jet background because this background can only be reliably estimated with data (it 
amounts to 2.1_2'j and 7.8 ± 7.0 events for the efi and the combined eTf^ad a-i^l l^'^had final states, respectively, as described in Sections 15.11 
and [5:21. 



Data 



Total MC bkg 
(w/o QCD) 



M^+jets Di-boson 



tt+ 
single-top 






Z/7* 



Signal {ttia = 120 GeV, 
tan;3 = 40) 



eTfiad 
^J■Thad 



70 
74 
132 



60.4±1.2 
72.8±2.7 
145.2±3.9 



0.7±0.5 2.8±0.1 2.5±0.1 
25.1±1.8 0.37±0.02 4.1±0.2 
41.5±2.1 0.59±0.03 5.9±0.2 



0.8± 0.1 53.5±1.0 
10.6±1.0 32.6±1.8 
11.5±1.1 85.7±3.1 



16.0±0.3 
18.7±0.5 
36.6±0.8 



leptons are obtained by inverting the isolation criteria de- 
scribed in Section|21 The shape of the to®*^*"^''™ distribution 
in the signal region A is taken from control region C and 
the normalization is derived by ua = tc/d x ub- Here, 
UA and Ub denote the event yields in regions A and B 
and tq/d the ratio of the event yields in regions C and 
D after subtracting the contribution from non-QCD jet 
backgrounds estimated from simulation. This method re- 
lies on the assumption that the two variables used to de- 
fine the four regions are uncorrelated and that the shape 
of the 771°^°"^*'™ distribution does not depend on the isola- 
tion or charge product requirement. This has been verified 
by comparing the event yields and shapes of the m^^°'^*'™ 
distribution in data for regions C and D and in further 
control regions defined by the requirement of one isolated 
and one non-isolated lepton. 

After subtracting the contribution from non-QCD jet 
backgrounds, estimated from simulation, the QCD jet event 
yield in region B is found to be ub = 1.07 ± 1.57(stot.) 
and the ratio tc/d is determined to be tc/d = 1-97 ± 
0.12(siai.). The QCD jet event yield in the signal region 
is therefore estimated to be ua = 2.V^^\{stat.). System- 
atic uncertainties are discussed in Sectional 

5.2. Background in the irhad final .states 

The method to estimate the QCD and W + jets back- 
grounds [45| is based on both data and simulation and 
uses events with same-sign charges of the electron/muon 
and the r^ad candidate. It relies on the assumptions that 
the shape of the m^^^^^^° distribution for these backgrounds 
is the same for opposite-sign (OS) and same-sign (SS) 
events and that their ratio is the same in the signal re- 
gion, defined by the nominal selection, and in background- 
enhanced QCD and W + jets control regions. These as- 
sumptions have been verified with simulated events. The 
method is referred to as the baseline method and is used to 
derive the results for the irhad channel. It is cross-checked 
with an alternative background estimation method. 

The total number of opposite-sign background events 
in the signal region, jt-qs^' ''^^ ^^ expressed as 



Bkg _ Bkg, QCD 
"■OS ~ "sS +"'OS-SS 



W 



'OS-SS' 



'^os-ss' (3) 



where n^g^ is the sum of all same-sign backgrounds in 
the signal region and the remaining terms are the differ- 
ences between opposite-sign and same-sign events for the 
QCD, W^ -I- jets, Z/j* — >• T~^T~, and other backgrounds. 
The ratio of opposite-sign and same-sign events for the 
QCD background, ?'os/ss' ^^ expected to be close to unity. 
For W + jets, a significant deviation of the ratio ?'os/gg 
from unity is expected since W + jets production is dom- 
inated by gw/^d-processes that often give rise to a jet 
originating from a quark whose charge is anti-correlated 
with the W charge. From simulation, the ratio r^ 
2.24 ± 0.13(stot.) is obtained. 



os/ss 



Using ng'g.gg = (?^Ss/SS " ^ ) '"ss and assuming r§^° 



1, Eq. [3]can be approximated by 



os/ss 



Bkg _ Bkg 



+0 



OS/SS 



-iynfs+ 



'OS-SS" 



other 
^OS-SS 



(4) 



Each of the terms in Eq. |4] is estimated separately and 



for each bin in the 



;iblc 



distribution, thus not only 



an estimation of the background normalization but also 



of the 



T visible 



shape is obtained. The total number of 



same-sign events rigg ^ is determined for the nominal se- 
lection except for changing the opposite-sign charge re- 
quirement to same-sign. In the full 771^'^''^'° range, 36 
same-sign events are selected in data. The contributions 
from Z/j* — > T^T^ and other backgrounds are taken 
from simulation: 



'os-ss 



112 ± 4(stat.) and ng^l^gg 



26 ± 2{stat.). The W + jets term in Eq. 2] is estimated 



to be {r^s/ss 



1 



'SS 



31 ± 2{stat). Here, the num- 



ber of same-sign W + jets events in the signal region, 
rigg, and the ratio ''og/gg are determined in a VF -I- jets- 
dominated data control region selected by replacing the 
TTiT < 30 GeV requirement in the nominal selection by 
TTiT > 50 GeV. The small contribution from backgrounds 
other than W + jets is subtracted based on simulation. 
A value of ^^/gg = 2.41 ± 0.15(stat.) is obtained. It 
has been checked in simulation that this ratio is approxi- 
mately independent of the ttit range and can thus be used 
for the signal region, ngg is obtained by scaling the num- 
ber of events in the M^ -I- jets control region by the ratio of 
events in the signal and control regions determined from 
simulation. The shape of the 771™'*^'° distribution for this 
contribution is taken from simulation. 
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Figure 1: Effective mass distribution for the efi final state (top) 
and visible mass distribution for (.Tf^ad final states (bottom). The 
data are compared with the background expectation and an added 
hypothetical signal. "OS-SS" denotes the difference between the 
opposite-sign and same-sign event yields. Further explanations are 
given in the text. 

The assumption r^gi^g « 1 used in Eq. S] is checked 
with a data control sample that is dominated by relatively 
low-£^T jets from QCD processes, as expected in the signal 
region. This sample is selected by replacing the require- 
ment £;^'"" > 20 GeV with E^™'"" < 15 GeV and relaxing 
the isolation of the electron/muon candidate. After sub- 
traction of the other backgrounds using simulation, a value 



results of the baseline method discussed before. For the 
QCD jet background the same method and assumptions as 
described in Section [??T] for the e/i final state are used, but 
replacing one of the leptons (e or /i) by the Thad candidate 
and using the m"^'^'** distribution instead of m®'^'''^''™ . 
The shape of the to"^'*'^'^ distribution is taken from re- 
gion B and scaled by the ratio of event yields in regions 
C and D: tc/d = 1-12 ± 0.04(stoi.). The resulting esti- 
mate of the QCD jet background in the signal region is 
n^ = rc/D X TT-B — 7.8±7.0{stat.). The estimate of the 
W-t-jets background is obtained by deriving a scale factor 
of 0.83 ± 0.04(stat.) for the normalization of the simu- 
lated m^'^''^''' distribution in a M^-dominated data control 
sample. This control region is defined by replacing the 
mx < 30 GeV requirement in the nominal selection by 
70 < mT < 120 GeV. The shape of the W + jets back- 
ground is taken from simulation. The estimated number 
oi W + jets events for the nominal selection amounts to 
54.8 ± 2.1{stat.) events. Adding the expected number of 
events for Z/j* —> t^t" and the other backgrounds from 
simulation (see Table [2|) to the sum of the estimated QCD 
jet and VF-|-jets yields, a total background contribution of 
211±8(siai.) events is obtained, which agrees well with the 



206 events observed in data. The ' 



liblc 



shapes predicted 



of 



QCD _ 



1.16 ± 0.04:{stat.) is obtained. The observed 



by the two methods are found to agree as well. 

5.3. Validation of the Z/j* — > t^t~ background shape 

The shape of the mff^^'' and to°^'='="™ distributions 
for the irreducible Z/^* — > t^t^ background can be de- 
termined from a high-purity data sample of Z/j* — > /i^/i~ 
events in which the muons are removed and replaced by 
simulated r leptons. Thus, only the r decays and the 
corresponding detector response are taken from simula- 
tion, whereas the underlying Z/'y* kinematics and all other 
properties of the event are obtained from the Z/^* — ^ 
fJ,~^IJ.~ data. Figure [2] compares the m^!^'^''' and m^'^'^'^*'™ 
distributions of the r-embedded sample with simulated 
Z/7* — > T^T^ events. A good agreement is observed 
within the sizable statistical uncertainties, justifying the 
use of the simulation for the determination of the Z/'y* — ^ 
T^T~ background. This background is normalized accord- 
ing to the theoretical cross section in Table [I] which agrees 
with the ATLAS Z/j* — )■ i^i~ cross section measure- 
ment [41]. 



os/ss 
deviation of '"qs/ss ^on^ unity is taken into account in 
the determination of systematic uncertainties for the final 

result, leading to a total systematic uncertainty of 19% 6. Systematic uncertainties 
on ^Qs/sS' This uncertainty also includes an uncertainty 

associated with the dependence of ''qs/ss *^^ ^^'^ lepton 
isolation and detector effects. 

The total background estimate obtained from Eq. |4] is 



TT-Qg^ = 206 ± 7{stat.), to be compared with 206 events 
observed in data. 

An alternative background estimation is performed, 
which provides separate estimates of the QCD and M^-|-jets 
background contributions and is used to cross-check the 



Systematic effects on the signal efficiency and the es- 
timated number of background events are evaluated. The 
uncertainties can be grouped in four categories: theoretical 
inclusive cross sections, acceptance, knowledge of detec- 
tor performance and systematic uncertainties of the data- 
driven approaches to estimate the background contribu- 
tion. 

The uncertainty on the theoretical inclusive cross sec- 
tion for each individual signal and background process is 



Table 3: Uncertainties on the number of selected events for those background contributions that are at least partially estimated from simulation 
and for a hypothetical signal {ruj^ = 120 GeV). All numbers are given in %. When two numbers are given the first refers to the e/i final state 
and the second to the iT^ad final states. If an uncertainty docs not apply for a certain background, this is indicated by a "-" . 
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4/2 


2/28 


2/36 


1/19 


Luminosity 


3.4/- 


3.4 


3.4 


3.4 


3.4 
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Total uncertainty 
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Figure 2: Effective mass distribution for the efi final state (top) and 
visible mass distribution for the iri^ad final states (bottom) for simu- 
lated Z/'y* — >■ T~^T~ events (boxes) and r-embedded Z/j* — >■ fJ,'^ fJ,~ 
events (points) passing the signal selection. The size of the boxes 
and the length of the error bars indicate the statistical uncertainty 
on the simulated and r-embedded sample, respectively. 



obtained from variations of the renormalization and factor- 
ization scales (fiR, fip) by factors 1/2 and 2 and a variation 
of the strong coupling constant and the PDF sets within 
their uncertainties. The uncertainty on the acceptance 
is estimated by varying ^n, /if, matching parameters in 
ALPGEN and the choice of the PDF in the generation of 
simulated event samples. The uncertainty on the trigger 
efficiencies for electrons and muons is 1%. The uncertain- 
ties due to the limited knowledge of the detector perfor- 
mance are evaluated by varying the trigger, reconstruction 
and identification efficiencies for electrons, muons and r 
candidates, and by varying the energy resolution and en- 
ergy scale of electrons, muons, r candidates, and energy 
deposits outside of these objects. These are propagated 
in a fully correlated way into the El^^^^ scale and reso- 
lution. For the probability to misidentify electrons as r 
candidates, a 20% uncertainty is assumed, resulting in a 
20% uncertainty on the Z/^* — >■ e+e" background. 

The size of the uncertainties from the different sources 
on the various background processes which are at least 
partially estimated from simulated events are summarized 
in Table [31 The luminosity uncertainty is 3.4%. 

The dominant systematic uncertainty in the irhad final 
states is due to the variation of the jet and t energy scales, 
which are dependent on transverse momentum and pseu- 
dorapidity, by typically 7% and 5%, respectively. The dif- 
ference in the impact of the energy scale and resolution un- 
certainty on the expected event yields in the £Thad and e/i 
final states is caused by requiring a hadronic r decay with 
pl^"'" > 20 GeV and a lower threshold £;f?'"" > 20 GeV in 
the iThad final states, whereas in the efi final state only 
an upper threshold of p^ + pt^ + Ei^''''' < 120 GeV is re- 
quired. The uncertainties, apart from the ones related to 
the data-driven techniques, are treated as fully correlated 
between the three final states. 

The systematic uncertainty from the data-driven esti- 
mate of the QCD jet background in the e/i final state cor- 
responds to 0.8 events. It includes the systematic uncer- 
tainty on the subtracted non-QCD background (0.2 events) 
and on the assumption of identical m^^°'^*'™ shapes in 



the different control regions (uncertainty on tc/d of 0.78). 
The final estimate for the QCD jet yield in the signal re- 
gion is therefore ua = 2.1+|}(stoi.)±0.8(sj/si.) = 2.1^^;^ 
The total uncertainty is dominated by the small event yield 
in control region B. 

For the irhad channels, the most important uncertain- 
ties for the data-driven estimation of the QCD jet and 
VF-1-jets backgrounds (see Eq.|3]) are the statistical uncer- 
tainty on the number of same-sign events in the signal re- 
gion (17%) and the uncertainty on the ratios ?'os/ss (19%) 
and r^a/oQ (11%). An additional uncertainty of 10% is 



'os/ss 
derived from the ttit dependence of r. 



OS/SS' 



for the 



extrapolation from control to signal region. The final es- 
timate for the total background yield is ^Qg^ = 206 ± 
7{stat.) ± 34{syst.) = 206 ± 35. 

The impact of the energy scale uncertainties of the elec- 
tron, muon, T candidate, and E^^^^ on the shapes of the 
discriminating mass variables are included as an additional 
correlated uncertainty in the derivation of the Higgs boson 
exclusion limits in Section [T] All other systematic uncer- 
tainties have no significant effect on the mass shape. 

Combining the estimated contribution from the various 
background processes and their uncertainties results in the 
final background estimate shown in Table 01 



Table 4: Observed numbers of events in data, for an integrated lu- 
minosity of 36 pb~^, and total expected background contributions 
for the final states considered in this analysis, with their combined 
statistical and systematic uncertainties. 



Final state 


Exp. Background 


Data 


en 

iThad 


63 ± 7 
206 ± 35 


70 
206 


Sum 


269 ± 36 


276 



7. Results 

No significant excess of events is observed in the data, 
compared to the SM expectation. Exclusion limits at the 
95% confidence level are set on the production cross sec- 
tion times branching ratio of a generic Higgs boson cf) as 
a function of its mass and for MSSM Higgs boson A/H/h 
production as a function of the parameters ttia and tan/3. 
The exclusion limits are derived with the profile likelihood 
method [46] from an analysis of the 771°^°^^*'^° distribution 
for the efj, final state and the m^'^'*''" distribution for the 
^Thad final states. 

Systematic uncertainties are separated into common, 
fully correlated (energy scale, acceptance, luminosity) and 
channel-specific, and are included as nuisance parameters. 
The TO^'^'^'^*'™ and m^'^'*''" shape uncertainties due to vari- 
ation of the energy scales of leptons and E^^^^ for the 
backgrounds obtained from simulation are taken into ac- 
count. 



The p- values for the consistency of the observed data 
with the background-only hypothesis range from 3% for a 
mass of 300 GeV to 59% for a mass of 110 GeV for the 
combination of the e/i and irhad channels. 

Background-only toy MC experiments are generated 
to find the median expected limit along with the ±la and 
+2a error bands. As a protection against excluding the 
signal hypothesis in cases of downward fluctuations of the 
background, the observed limit is not allowed to fluctuate 
below — Icr of the expected limit, i.e. a power-constrained 
limit (PCL, 47]), with the power required to be larger 
than 16%, is given. 

Figure [3] shows the resulting exclusion limits. The cross 
section limit is evaluated for signal acceptances of two dif- 
ferent production processes, gg ^ (f> and b-quark associ- 
ated production, where (j) denotes a generic neutral Higgs 
boson. Differences in the observed limits for the two pro- 
cesses are small compared to the la error and occur due 
to differences in the signal shapes used in the extraction of 
the limits. The limit on the production cross section times 
branching ratio into a pair of r leptons for a generic Higgs 
boson (p is in the range between approximately 300 pb for 
a Higgs boson mass of 90 GeV and approximately 10 pb 
for a Higgs boson mass of 300 GeV, with a small depen- 
dence on the production mode considered. The limit on 
the production of neutral MSSM Higgs bosons A/H/h in 
the tan/3 — ruA plane, also shown in Figure [21 uses the 
jy^max gcenario and Higgsino mass parameter /x > 0. 



8. Conclusions 

In this paper, a search for neutral MSSM Higgs bosons 
A/H/h with the ATLAS detector in proton-proton colli- 
sions corresponding to an integrated luminosity of 36 pb~^ 
at a center-of-mass energy of 7 TeV is presented. Candi- 
dates for A/H/h — > T^T~ decays are selected in the three 
flnal states e/i, erhad, and jiThad- No evidence for a Higgs 
boson signal is observed in the reconstructed mass spectra. 
Exclusion limits on both, the cross section for the produc- 
tion of a generic Higgs boson </> as a function of its mass and 
on MSSM Higgs boson production A/H/h as a function of 
tua and tan/3, are derived. These results exclude regions 
of parameters space beyond the existing limits from previ- 
ous experiments at LEP and the Tevatron and are similar 
to those recently obtained by the CMS Collaboration. 
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Figure 3: Left: Expected and observed limits on the production cross section and branching ratio for a generic Higgs boson (/>, cr^ X BR((j> — > 
T'^T~), at the 95% confidence level, as a function of the Higgs boson mass for both production modes considered. The solid and dashed 
lines show the observed and expected exclusion limits, respectively. For comparison the SM cross section, crgM x BR{Hsm ^^ t^t"), is 
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V.G. Bondarenko^'^^ ]Vi_ Boonekamp^^'^^ q Boorman^'^^ C.N. Booth^^g^ §_ Bordoni"^*, C. Borer^'^, A. Borisov^^s^ 

G. Borissov'^^ I. Borjanovic*^^, S. Borroni*^^'*'*^^'', K. Bos^°^, D. Boscherini^^^, M. Bosnian", H. Boterenbrood^"^, 
D. Botterill^^^, J. Bouchami^^, J. Boudreau*^^, E.V. Bouhova-Thacker'^^, C. Boulahouache*^*, C. Bourdarios"^, 
N. Bousson*^, A. Boveia^^, J. Boyd^^, I.R. Boyko^^, N.I. Bozhko^^*^, I. Bozovic-Jelisavcic*^'', J. Bracinik*'^, 

A. Braem^s, P. Branchinii34a^ G.W. Brandenburg'", A. Brandt^ G. Brandtl^ O. Brandt^'', U. Bratzler^''^^ B. Bran*"*, 
J.E. Brau"'', H.M. Brauni^"*, B. Brelier^^s, J. Bremer^^, R. Brenner^^e^ S. Bressler^^^ D. Breton"'\ D. Britton''^^^ 
F.M. Brochu^"^, I. Brock™, R. Brock**, T.J. Brodbeck^^, E. Brodet^^^^ F. Broggi*^'', C. Bromberg**, G. Brooijmans34, 
W.K. Brooks'^*'', G. Brown*^, H. Brown^, P.A. Bruckman de Renstrom^*, D. Bruncko*'*^'', R. Bruneliere^*, 
S. Brunet^\ A. Brunii^^, G. Brunii^^, M. Bruschii^^, T. Buanes^^, F. Bucci'^s^ j_ Buchanan"*, N.J. Buchanan^, 
P. Buchholzi^i, R.M. Buckingham"*, A.G. Buckley^^ S.I. Buda^^'', LA. Budagov^s, B. Budick^^s, V. Biischer**, 
L. Bugge""^, D. Buira-Clark"*, O. Bulekov^e, M. Bunse'*^, T. Buran"^, H. Burckhart^^, S. Burdin^^^ ^ Burgess^^^ 
S. Burke*29^ g Busato^^, P. Bussey^^^ C.P. Buszelloi^e, F. Butin^^, B. Butler"3^ J.M. Butler^i, CM. Buttar^^^ 
J.M. Butterworth^^, W. Buttinger^^, T. Byatt^^ S. Cabrera Urban^", D. Caforioi^'^'i^'', O. Cakir^^, P. Calafiurai"*, 
G. Calderini^*, P. Calfayan^*, R. Calkins^o^ L.P. Caloba^^^ R. Caloii32a,i32b^ ^ Calvet^^, S. Calvet^s, 
R. Camacho Toro^^, P. Camarrii33a,i33b^ y[ Cambiaghi"^^^"^'', D. Cameron"^, S. Campana^^, M. CampaneUi^^, 
V. Canalei°2a,i02b^ p_ Canelli^o, A. Canepai^Sa^ j. Cantero*", L. Capassoi02a,i02b^ M.D.M. Capeans Garrido^^, 
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I. Caprini^sa, ^/j Caprini^s^, D. Capriotti9^ M. Capua^e^'^eb^ j^ Caputo"^ C. Caramarcu^^'^, R. Cardarelli"3a^ 
T. Carli29, G. Carlinoio^a^ l_ Carminati^^^'^^^, B. Caroni59a^ s. Caron4^ G.D. Carrillo Montoya"^^ A.A. Carter^^ 
J.R. Carter27, J. Carvalhoi24a,'«^ D. Casadeii"^^ M.P. Casado", M. Cascellai22a,i22b^ C_ Cj^go50a,50b,,^ 
A.M. Castaneda Hernandezi^^ E. Castaneda-Miranda^^^ V. Castillo Gimenezi^^ N.F. Castroi24a^ g. Cataldi^^a^ 

F. Cataneo29, A. Catinaccio^^, J.R. Catmore^\ A. Cattai^^, G. Cattanii33a,i33b^ g Caughron*^^, D. Cauzi64a,i64c^ 
P. Cavalleri^s^ D. Cavalli^^'', M. Cavalli-Sforza", V. Cavasinnii22a422b^ p_ Ceradinii34a,i34b^ ^ g_ Cerqueira^^a, 

A. Cerri29, L. Cerrito^^ F. Cerutti'*^ S.A. Cetini*'', F. Ceveninii"2a402b^ ^_ Chafaq^^Sa^ j3_ Chakrabortyl"^ K. Chan^ 

B. Cllapleau*^ J.D. Chapman^^, J.W. ChapmanS^, E. Chareyre^^ D.G. Charltoni^ V. Chavda^^^ 

C.A. Chavez Barajas^^, S. Cheatham^s, S. Chekanov^, S.V. Chekulaevi^sa^ G.A. Chelkov^s, A/[.A. Chelstowskai"", 

C. Chen64, H. Chen^^, S. Chen^^'^, T. Clien32<=, X. Clien"^^ g. Cheng^^a, A. Cheplakov^s, V.F. Chepurnoyes, 
R. Cherkaoui El Moursli^^Sc^ y. Chernyatin^^, E. Cheu^, S.L. Cheungi^^^ L. Chevalieri^e^ G. Cliiefarii"2a402b^ 
L. ChikovaniSi, J.T. Childers^^'^, A. Chilingarov'^i, G. Chiodini^^a^ ^ Y_ chizhov^s, G. Choudalakis^o, 

S. Chouridoui37, LA. Christidi^^ A. Christov^s, D. Chromck-Burckhart^s, M.L. Chui^i, J. Chudobai^s, 

G. Ciapetti"2a,i32b^ j^ Ciba^^, A.K. Ciftci^^, R. Ciftci^^, D. Cinca^^, V. Cindro^^^ y^j^ Ciobotarui^^^ 

C. Cioccai^'^'i^'^, A. Ciocio", M. Cirilli^^, M. Ciubancan^Sa, A. Clark^^, P.J. Clark^s, W. Cleland^^s, J.C. ClemensS^, 

B. Clement^s, C. Clement I46a,i46b^ j^-^^ Cliffti^s, Y. Coadou^^^ M. Cobali64a,i64c^ ^ Coccaro^o^'SOb, j. Cochran64, 
P. Coe"8, J.C. Cogani43, j. Coggeshalli^^^ E. Cognerasi^^ CD. Cojocaru^*, J. Colas^, A.P. Colijni"'\ C. Collard"^^ 
N.J. Collinsi^, C. Collins-Tooth53, J. Collot^s, G. Colon84, P. Conde Mumoi24a^ g^ Coniavitis"^, M.C. Conidi", 

M. Consonmi"4^ y. Consorti48, S. Constantinescu^S'^, C. Conta"^'''"^'', F. Conventii°2a,*^ j. Cook^^, M. Cookei4, 
B.D. Cooper^^ A.M. Cooper-Sarkar"^^ N.J. Cooper-Smith^^^ j^ Copic34, rj. Cornelissen^o^-'^ob^ j^/j Corradii^^, 
F. Corriveau*^^^ A. Cortes-Gonzalezi^s^ G. Cortiana^^ G. Costa*^'', M.J. Costa^^^, D. Costanzo^^g^ t. Costin^o, 

D. Cote^s, R. Coura Torres^^^, L. Courneyeai^s, G. Cowan^^ C. Cowden^^, B.E. 60x^2, K. Cranmeri"^, 

F. Cresciolii22a,i22b^ ^/[ Cristinziani^o, G. Crosetti^e^^seb^ j^_ (^j.^pj72a,72b^ g_ Crepe-Renaudin5^ C.-M. Cuciuc^s^, 

C. Cuenca Almenari"^^, T. Cuhadar Donszelmanni^^, M. Curatolo4^, C.J. Curtisi"^, P. Cwetanski'^^ H. Czirri'^^ 

Z. Czyczula"^, S. D'Auria^^^ j^^ D'Onofrio^^^ ^ j3>Orazioi32a,i32b^ P.V.M. Da Silva23^, C. Da Via*^^ W. DabrowskF, 

T. Dai^'^, C. Dallapiccola*"*, M. Dam^^, M. Danieri5"'»"50b^ pg Damianii^^^ H.O. Danielsson29, D. Dannheim^^, 

V. Dao'^^, G. Darbo^oa^ q l Darlea25b^ C. Daum^os^ J.P. Dauvergne ^9, W. Davey*'^, T. Davideki26^ p^ DavidsonSe, 

R. Davidson'^i, E. Davies"^^^ M. Davies^^^ a.R. Davison"^^, Y. Davygora^^^, E. Dawe"2^ i. Dawsoni^s, 

J.W. Dawson^'*, R.K. Daya^^, K. De^ R. de Asmundisi"2a^ S. De Castroi^a^gb^ pg. De Castro Faria Salgado24, 

S. De Cecco^*, J. de Graat^^, N. De Grootio^^ r de Jong^^s, C. De La Taille"^^ H. De la Torre*^°, B. De Lottoi^'*^^!^'*^ 

L. De Mora^i, L. De Nooij^o^^ M. De Oliveira Branco^^, D. De Pedisi32a^ A. De Salvoi32a^ u. De Sanctisi64a,i64c^ 

A. De Santoi'^^, J.B. De Vivie De Regie"^ S. Dean"^^, D.V. Dedovich^s, J. Degenhardti2", M. Dellchar"^ 

C. Del Papa^^'^'^'i^''^ J. Del Peso^", T. Del Pretei22a,i22b^ ^j Deliyergiyev^"^ ^ DeirAcqua^^, L. Dell'Asta^^'''^^'', 
M. Delia Pietrai"2^'\ D. della Volpei°2a,i02b^ ]^j_ Delmastro^^, P. Delpierre®^, N. Delruelle^^, P.A. Delsart^^, 

C. Deluca^'^^, S. Demersi"^^, M. Demichev^^ , B. Demirkoz"^'', J. Deng^'^^^ g p_ Denisovi28^ j>, Derendarz^^, 
J.E. Derkaouii35d^ p. Derue■^^ P. Dervan'^^^ K. Desch2", E. Devetaki"**, P.O. Deviveirosi^s, A. Dewliursti29, 

B. DeWildei"**, S. Dhaliwali^s, R. Dliullipudi24.', A. Di Ciaccio"3a,i33b^ p p,j ciaccio4, A. Di Girolamo^^, 

B. Di Girolamo^^, S. Di Luisei34a,i34b^ ^ Pi Mattia*^, B. Di Micco29, R. Di Nardoi33a433b^ ^ Pi Simonei33a,i33b^ 

R. Di Sipiois^'is'', M.A. Diaz3i^, F. Dibleni8<=, E.B. Diehl^^, J. Dietrich4i, T.A. Dietzsch^Sa, S. Diglio"^ 

K. Dindar Yagci39, J. Dingfelder20, C. Dionisii32a432b^ p pita25a^ g Dita^^^^, F. Dittus^^, F. Djania*^^^ t. Djobava^^, 

M.A.B. do Vale23a, A. Do Valle Weniansi24a^ T.K.O. Doan4, M. Dobbs*^ R. Dobinson 29^*, D. Dobos42, E. Dobson29, 

M. Dobsoni63^ J. Dodd34, C. Doglioni"^^ T. Doherty^s, Y. Doi^^,*^ j Dolejsii26^ 1. Dolenc^'^, Z. Dolezali26^ 

B.A. Dolgoshein^S'*, T. Dohmaei^s^ M. Donadelli23d^ M. Donegai2", J. Donini^s, J. Dopke^^, A. Doriai"2a^ 

A. Dos Anjos"2^ M. Dosil", A. Dottii22a,i22b^ j^prp pQ^^^To^ J p powelli^, A.D. Doxiadisl°^ A.T. Doyle''^^^ 

Z. Drasali26^ J. Drees^^"*, N. Dressnandti20^ H. Dreverniann29, C. Driouichi35, M. Dris^, J. Dubbert^^, T. Dubbsi37^ 

S. Dubei'^, E. Duchovnii^i, G. Duckeck^s, A. Dudarev29, F. Dudziak64, M. Diihrssen 29, LP. Duerdoth82^ p puflotus, 

M-A. Dufour^s^ M. Dunford29, H. Duran Yildiz3'^, R. Duxfieldi39, M. Dwuzmk37, F. Dydak 29, D. Dzahini^^ 

M. Diireii52, W.L. Ebenstein44, J. Ebke^^, S. Eckert'*^ S. Eckweiler^i, K. Edmonds^i, C.A. Edwards^^ 

N.C. Edwards^^^ ^ Elirenfeld4i, T. Ellrich9^ T. Eifert29, G. Eigeni3, K. Einsweiler^^, E. Eisenhandler^^^ T. Ekelof^^^^, 

M. El Kacimii^sc, M. Ellerti^^^ g_ Files'^, F. Ellingliaus^\ K. Ellis^'\ N. Ellis29, J. Elmsheuser^^, M. Elsing29, R. Ely", 

D. Emeliyanovi29, R. Engelmanni'^s, A. Engl^^, B. Epp62, A. Eppig^^ J. Erdmann54, A. Ereditatoi'^, D. Eriksson"*^'^, 
J. Ernst\ M. Ernst24, J. Ernweini36, R. Erredels^ S. Errede^^s, E. Ertel*\ M. Escalier"^ C. Escobari^^ 

X. Espinal Curull", B. Esposito'^'^, F. Etienne^3^ ^.I. Etienvre^^e^ p ptzioni^s, R. Evangelakou^'^, H. EvansS\ 
L. FabbriiS'^'is'^, C. Fabre29, R.M. Fakhrutdinovi28, S. Falciano"2a^ y. Fang"2^ ^ Fanti^^'^'Sgb^ ^ Farbin^, 

A. Farillai34a^ j Farleyi48^ T. Farooque^^*, S.M. FarringtoIl"^ P. Farthouat29, R Fassnacht29, R. Fassouliotis^ 

B. Fatholahzadehiss^ A. Favareto*^^^^^'', L. Fayard"^ S. Fazio36^^36b^ j^_ Febbraro33, R Federic"'^^, O.L. Fedini2i, 
W. Fedorko*^, M. Fehling-Kaschek'^^, L. Feligioni«3^ r_ Pellmann^, C.U. Felzmann^^ C. Feng32d, E.J. Feng3", 
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A.B. Fenyuk^^^, J. Ferencei^'*''^, J. Ferland^^, W. Fernando^°^, S. Ferrag^^, J. Ferrando^'^ , V. Ferrara^^, A. Ferrari^^^, 

P. Ferrarii"^^ R. Ferrari"^^, A. Ferrer^^^^ M.L. Ferrer'^'^, D. Ferrere'*^ C. Ferretti^'^, A. Ferretto Parodi^o^^^ob^ 

M. Fiascaris^", F. Fiedler^i, A. Filipcic^"^ ^ Filippas^, F. Filthaut^O'', M. Fincke-Keeleri^s, M.C.N. Fiolhaisi24a,?>^ 

L. Fiorinii67^ A. Firan^^, G. Fischer^i, P. Fischer 2", M.J. Fisheri"^, S.M. Fisheri^s^ M. FlechF, I. Flecki^i^ 

J. Fleckner^i, P. Fleischmann"^^ g_ Fleischmanni'^'^, T. Flick""*, L.R. Flores Castillo"^^ M.J. Flowerdew^^ 

F. Fohlisch^*'', M. Fokitis^ T. Fonseca Martin^^ D.A. Forbushi^s, A. Formica^^e^ a. Forti^^ D. Fortini^^'', 

J.M. Foster^^ D. Fournier"^ A. Foussat^^, A.J. Fowler'*'^, K. Fowler^^T^ jj_ p^^n^ p_ pj.j^^pg^yjjjj^i22a,i22b^ 

S. Franchino"^''^"^'', D. Francis^^, T. Frank^^i, M. Franklin^"^, S. Franz^^, M. Fraternali"^^^"^'', S. Fratina^^o^ 

S.T. French27, R. Froeschl^^, D. Froidevaux^^, J.A. Frost^"^, C. Fukunagal5^ E. Fullana Torregrosa^^, J. Fuster^^^, 

C. Gabaldon29, O. Gabizoni^i, T. Gadfort^^, S. Gadomski^^, G. Gagliardi^o^-SOb^ p_ Gagnon^i, C. Galea9^ 

E.J. Gallas"^ M.V. Gallas^^, V. Galloi6, B.J. Gallopi^s, R Gallus^^s, E. Galyaev^o, K.K. Gan^^^, Y.S. Gaoi^sJ, 

V.A. Gapienko^^*, A. Gaponenko*'*, F. Garberson*^^, M. Garcia-Sciveres^^, C. Garcia^^^, J.E. Garcia Navarro'*^, 

R.W. Gardner^", N. Garelli^^, H. Garitaonandiaio^^ V. Garonne^^, J. Garvey^^ C. Gatti^^, G. Gaudio"9% 

O. Gaumer^s, B. Gaur^^i, L. Gauthieri^e, I.L. Gavrilenko^^, C. Gay^^s, G. Gaycken^", J-C. Gayde^^, E.N. Gazis^, 

P. Ge32d, c.N.P. Geei29, D.A.A. Geertsio^^ Ch. Geich-Gimbel^o, K. Gellerstedti'*^'''"^'^, C. Gemme^O'^, A. Gemmell^^^ 

M.H. Genest9^ S. Gentilei32a,i32b^ ]yj_ George^"*, S. George^^^ p Gerlach""*^ A. Gershoni^^^ q Geweniger^^a^ 

H. Ghazlanei35b, p. Ghez", N. Ghodbane^^, B. Giacobbe^^^, S. Giagui32a432b^ Y_ GiakoumopoulouS, 

V. Giangiobbei22a,i22b^ p Gianotti29, B. Gibbard24, A. Gibsonl5^ S.M. Gibson29, L.M. Gilbert"^, M. Gilchriesei", 

V. GilewskySi, D. Gillberg28, A.R. Gillniani29, D.M. Gingrich2^% J. Ginzburg^^s^ N. Giokaris^, R. Giordanoi"2a402b^ 

F.M. Giorgiis, P. Giovannini^^, P.P. Giraud^^e, D. Giugni^^^, M. Giuntai32a432b^ p Giustii^^, B.K. Gjelsten"^, 

L.K. Gladilin^^ C. Glasnian*^o, J. Glatzer^^, A. Glazov^i, K.W. Glitza*^'^, G.L. Glonti^s, J. Godfreyi'^2^ j Godlewski29, 

M. Goebel^i, T. Gopfert^^ C. Gocringer^i, C. G6ssling42, T. Gottfert^^, S. Goldfarb^^, D. Goldin^^, T. GoUingi^^^ 

S.N. Golovniai28^ ^ Q^^^^i24a,h^ pg Gomez Fajardo'^i, R. GonQalo^^ J. Goncalves Pinto Firmino Da Costa"**, 

L. Goiiclla2", A. Gonidec29, S. Gonzalez*^2^ g Gonzalez de la Hoz*67^ M.L. Gonzalez Silva26, S. Gonzalez-Sevilla^^, 

J.J. Goodson*48, L. Goossens29, P.A. Gorbounov^^, H.A. Gordon24, I. Gorelov*"^^ G. Gorfine*^^^ g Gorini29, 

E. Gorini^2a,72b^ ^ Gorisek^^^ P_ Gornicki^^, S.A. Gorokliov*28, V.N. Goryachev*28, B. Gosdzik**, M. Gosselink*"^^ 
M.L Gostkin^s, M. Gouanere'*, L Cough Eschrieh*63^ M. Gouighri^^Sa^ p,. Goujdami*35c^ M.P. Goulette'*^ 

A.G. Goussiou*38, C. Goy4, L Grabowska-Bold*63^9, V. Grabski*^6^ p Grafstrom29, C. Crah*^-*^ j^_j_ Grahn^*, 

F. Graneagnolo^2a^ g_ Grancagnolo*^, V. Grassi^^s, V. Gratchev*2i, N. Grau^"*, H.M. Gray29, J.A. Gray*'^^, 
E. Graziani*34a^ q.G. Grebenyuk*2i, D. Greenfield*29, T. Greenshaw^^^ 2.D. Greenwood24.', LM. Gregor^*, 

P. Grenier*43^ j. Griffiths*38, N. Grigalashvih^s, A.A. Grillo*^^^ S. Grinstein**, Y.V. Grishkevich^^, J.-F. Grivaz**^^ 
J. Grognuz29, M. Groh^^ E. Gross"*, J. Grosse-Knetter^*, J. Groth- Jensen*^*, K. Grybel*'**, V.J. Guarino^ 

D. Guest*75^ C. Guieheney33, A. Guida^2a,72b^ rp Guillemin^, S. Guindon^-*, H. Guler*^^,™^ j Gunther*25, B. Guo*58, 
J. Guo^'*, A. Gupta^o, Y. Gusakov^^, V.N. Gushehin*28, A. Gutierrez^^^ p Gutierrez***, N. Guttnian*''^^^ 

O. Gutzwiller*^2^ G. Guyot*^^, C. Gwenlan**^, C.B. GwiUiam^^^ j^ Haas*'*^, S. Haas29, C. Haber*4, R. Hackenburg24, 
H.K. Hadavand39, D.R. Hadley*^, P. Haefner^^, F. Hahn29, S. Haider29, Z. Hajduk^^, H. Hakobyan*^^ J. Haller^"^ 
K. Hamacher*^"^ p Hanial**^, A. Hamilton'*^ , S. Hamilton*^*, H. Han32a^ L. Han32b^ K. Hanagaki**^, M. Hanee*20, 

C. Handel^*, P. Hanke^^'^, J.R. Hansen^^, J.B. Hansen^^, J.D. Hansen^^, P.H. Hansen^^, P. Hansson*'*^, K. Hara*60, 
G.A. Hare*^^, T. Harenberg*'^'', S. Harkusha^", D. Harper*"^, R.D. Harrington2*, Q.M. Harris*^^, K. Harrison*"^, 

J. Hartert'*^ F. Hartjes*°^ T. Haruyama'^^ A. Harvey5^ S. Hasegawa*"*, Y. Hasegawa*"*", S. Hassani*^^, M. Hatch29, 

D. HaufP^, S. Haug**^, M. Hausehild29, R. Hauser^^^ M. Havranek2", B.M. Hawes**^ CM. Hawkes*^ R.J. Hawkings29, 
D. Hawkins*^^^ ^ Hayakawa'^^ D Hayden^^^ jj.S. Hayward^^^ gj_ Haywood*29, E. Hazen2*, M. He32d, S.J. Head*^, 

V. Hedberg^9, L. Heelan^, S. Heim^s, B. Heinemann*4, S. Heisterkamp^s , L. Helary^, M. Heller**^, S. Hellman*46a^*46b^ 

D. Hellmich20, C. Helsens**, R.C.W. Henderson^*, M. Henke^s*^, A. Henrichs^'*, A.M. Henriques Correia29, 

S. Henrot-Versille**^, F. Henry-Couannier*"^, C. Hensel^'*, T. Henfi*'^'*, C.M. Hernandez^, Y. Hernandez Jimenez*^^, 
R. Herrberg*^, A.D. Hershenhorn*^2^ G. Herten'**, R. Hertenberger^®, L. Hervas2^, N.P. Hessey*"''', A. Hidvegi*^^^, 

E. Hig6n-Rodriguez*67, D. Hill^^*, J.C. Hill27, N. Hill^, K.H. Hiller-**, S. Hillert2", S.J. HiUier*^, L Hinchliffe*"*, 

E. Hines*20, M. Hirose**^, F. Hirsch'*2, D. Hirschbuehl*^-*^ j_ Hobbs*48, N. Hod*^^^ j^j g. Hodgkinson*^^, P. Hodgson*^^, 

A. Hoecker29, M.R. Hoeferkanip*03, J. Hoffmanns, D. Hoffmann^^^ M. Hohlfeld^*, M. Holder*"**, A. Holmes**^, 

S.O. Holmgren*'*6a, T. Holy*2^ J.L. Holzbauer*^ Y. Homma^^ T.M. Hong*20, L. Hooft van Huysduynen*°^ 

T. Horazdovsky*27, G. Horn*43, S. Horner-**, K. Horton***, J-Y. Hostachy^^^ S. Hou*^*, M.A. Houlden^^^ 

A. Hounimada*35a^ j. Howarth82^ p, p_ Howell**^ L Hristova *^ J. Hrivnac**^ L Hruska*25, T. Hryn'ova"*, P.J. Hsu*'^^^ 

S.-C. Hsu*4, G.S. Huang***, Z. Hubacek*27, F. Hubaut^^^ F. Huegging20, T.B. Huffman**^, E.W. Hughes^"*, 

G. Hughes^*, R.E. Hughes- JonesS2^ y[_ Huhtinen29, P. Hurst^"^, M. Hurwitz*'*, U. Husemann''* , N. Huseynov'^^'", 
J. Huston^*, J. Huth'"'^, G. laeobucci'*^ , G. lakovidis^, M. Ibbotson*2^ i Ibragimov*'**, R. Ichimiya^^, 

L. Ieonomidou-Fayard**^ J. Idarraga**^ M. Idzik^^, P. iengo*"2a402b^ q Igonkina*°^ Y. Ikegami^^^ ^ Ikeno^^^ 
Y. Ilchenko^s, D. Ihadis*^'*, D. Imbauh^^^ j^p Imhaeuser*^"*, M. Imori*5^ T. Ince20, J. Inigo-Golfin29, P. loannou^ 
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M. Iodicei34a^ q jonescu^, A. Irles Quiles^^^, K. Ishii^e, A. Ishikawa^^, M. Ishino^e, R. Ishmukhametov^s , C. Issever"^, 

S. Istinisa^ Y. Itohioi, A.V. Ivashini^s, W. Iwanski^^, H. Iwasaki^e, J.M. Izen^o, V. Izzo^o^a^ b. Jacksoni^", 

J.N. Jacksoii^3^ p_ jacksoni43^ M.R. Jaekel^^, V. Jain^i, K. Jakobs'*^ S. Jakobsen^^, J. Jakubek^^^^ D.K. Jana^", 

E. Jankowski^^s, E. Jansen"^^, A. Jantsch^^, M. Janus^o, G. Jarlskog™, L. Jeanty", K. Jelen^^, I. Jen-La Plante^o, 

P. JcnnP, A. Jeremie-*, P. Jez^^, S. Jczcquel", M.K. Jhai'^^, H. Ji^^^ W. Ji*\ J. Jia^^s, Y. Jiang^^^^ 

M. Jimenez Belenguer'*^, G. Jin^^'', S. Jin'^^'*, O. Jinnouchi^'''^, M.D. Joergensen'^^, D. Joffe'^^, L.G. Johansen^^, 

M. Johanseni'*^'''!'*^'', K.E. Johansson^''^'', P. Johanssoni^^, S. Johnert'^\ K.A. Johns^, K. Jon-And^'^^'^'i'*^'', G. Jones®^ 

R.W.L. Jones", T.W. Jones", T.J. Jones^^^ q. Jonsson^^, C. Joram^s, P.M. Jorgei24a,b^ j_ Josephi", T. Jovini^b^ 

X. Ju^^o^ Y Juraneki25, p. Jussel^^, V.V. Kabachenkoi^s, S. Kabana^^, M. Kaci^^^^ A. Kaczmarska^^, P. Kadlecik^^, 

M. Kado"^ H. Kagan^o^, M. Kagan'", S. Kaiser^^, E. Kajomovitzi^^ S. Kalinini^"^ l y. Kalinovskaya^s, S. Kama^^, 

N. Ka^ayal5^ M. Kaneda^^, T. Kannoi"^ y.A. Kantserov^^^ j_ Kanzaki^^, B. Kaplan^", A. Kapliy^", J. Kaplon^^, 

D. Kar^s, M. Karagoz"^^ M. Karnevskiy^i, K. Karr^, V. Kartvelishvili", A.N. Karyukhin^^s, L. Kashif^", 

A. Kasmi^s, R.D. Kass^^^, A. Kastanas^^, M. Kataoka'^, Y. Kataokai^^^ E. Katsoufis^, J. Katzy"*!, V. Kaushik^, 

K. Kawagoe^^ T. Kawamotoi^^^ G. Kawamura^^, M.S. Kayl^^^^ V.A. Kazanini""^, M.Y. Kazarinov^^, J.R. Keates*2, 

R. Keeleri69, R. Kehoe^^, M. Keil^^^ qj^ Kekelidze^s, M. Kelly*^, J. Kennedy^*, C.J. Kenney^''^^ M. Kenyon^s, 

O. Kepkai25, N. Kerschen^^, B.P. Kersevan^"^ g_ Kersten^^'', K. Kessokul5^ C. Ketterer^^, J. Keungi^s, 

M. Khakzad^s, F. Khalil-zadai", H. Khandanyan^^s^ A. Khanov"^ D. Kharchenko^s, A. Khodinov^^^ 

A.G. Kholodenkoi28, A. Khomich^^a^ rp_j_ j^hoo^^, G. Khoriauli^o, A. Khoroshilov""*, N. Khovanskiy^^, 

V. Kliovanskiy95, E. Khramov^s, J. Khubua^i, H. Kim^, M.S. Kim^, P.C. Kimi^a^ S.H. Kimi^o^ N. Kimurai^", 

0. Kindts, B.T. King", M. King^^, R.S.B. King"^^ J. Kirk^^s, G.P. Kirsch"^^ L.E. Kirsch^^, A.E. Kiryunin^^, 

D. Kisielewska^"^, T. Kittelmann^^s^ ^_Y[. Kiver^^*^, H. Kiyamura^^, E. Kladiva^'^'*'', J. Klaiber-Lodewigs''^^ ]Vj_ Klein", 
U. Klein", K. Kleinknecht*^i, M. Klemetti*^ A. Klier^", A. Klimentov^^, R. Klingenberg'*^ E.B. Klinkby^^, 

T. Klioutchnikova2^ P.P. KlokiO'^, S. Klousl"^ E.-E. Kluge^®'', T. Kluge", P. Kluitl°^ S. Kluth^^ E. Kneringer^^^ 
J. Knobloch29, E.B.F.G. Knoops^^^ A. Knue^"*, B.R. Ko'^'*, T. Kobayashi^ss, M. Kobel^^, M. Kociani43^ A. Kocnari", 
P. Kodysi26, K. K6neke29, A.G. Konigio^^ s. Koenig^^, L. K6pke^\ F. Koetsveldi""^ p. Koevesarki^o, T. Koffas^^, 

E. Koffemani"^^ F. KohnS"^ 2. Kohout^^^, T. KohrikiSe, T. Koii43^ T. Kokott^o, G.M. Kolaclievi"^ H. Kolanoskii^, 
V. Kolesnikov^s, I. KoletsouS^^, J. Koll^^^ D. KoUar^^, M. Kollefrath^s, S.D. Kolya82, A.A. Komar^"^ 

J.R. Koniaragirii'*^ Y. Konloril5^ T. Kondo^e, T. Kono'^i^°, A.I. Kononov"**, R. Konopliclii°*'P, N. Konstantinidis^"^, 
A. Kootzi", S. Koperny37, S.V. Kopikoyi^s, K. KorcyF, K. Kordasi54^ y. Koresheyi^s, A. Korni^, A. Koroli^^ 

1. Korolkov", E.V. Korolkova"^, V.A. Korotkoyi^s, Q. Kortner^^, S. Kortner^^, V.V. Kostyukhin^o, M.J. Kotamaki^^, 
S. Kotov^^, V.M. Kotov^s, A. Kotwal'*'^, G. Kourkounlelis^ V. Kouskoura^''^'^, A. Koutsnlanl°^ R. Kowalewskii^s, 
T.Z. Kowalski37, W. Kozanecki"^^ A.S. Kozhini^s, V. Kral^^^^ y.A. Kramarenko^^, G. Kramberger", M.W. Krasny", 
A. Krasznahorkay^"*, J. Kraus*^, A. Kreisel^^^, F. Krejci^^^, J. Kretzschmar"^^, N. Krieger^"', P. Krieger^^*, 

K. Kroeninger^"*, H. Kroha^^, J. Kroll^^o^ j Kroseberg^", J. Krstic^^a^ u. Kruchonak^^, H. Kriiger^", T. Krukerl^ 
Z.V. Krumshteyn^s, A. Kruth^", T. Kubota*^^^ g Kuehn^s, A. Kugel^^^, T. Kuhl^i, D. Kuhn62, V. Kukhtin^s, 
Y. KulchitskySO, S. Kuleshov^i^^ C. Kummer^^, M. Kuna", N. Kundu"^ J. Kunkle^^o, A. Kupco^^s^ H. Kurashige'^^, 
M. Kurataiso^ y.A. Kurochkin^o, V. Kus^^s, w. Kuykendall"^, M. Kuze^^^, P. Kuzhir^i, O. Kvasnicka^^s, J. Kvita^^, 
R. Kweel^ A. La Rosa"^^ L. La Rotonda^e^-^eb^ L_ Labarga^^ J. Labbe", S. Lablak^^^^, C. Lacasta^s^^ 

F. Lacava"2a,i32b^ jj_ Lackerl^ D. Lacour", V.R. Lacuesta^^^ E. Ladygin^^, R. Lafaye"*, B. Laforge", T. Lagouri^", 
S. Lai''*, E. Laisne^^ M. Lamanna^^, G.L. Lampen^, W. Lampl^, E. Lancon^e, U. Landgraf"**, M.P.J. Landon", 

H. Landsman^^^^ j L_ Lane*^^ C_ Lange^^, A.J. Lankford^^'^, F. Lanni^^, K. Lantzsch^^, S. Laplace", G. Lapoire^", 
J.F. Laporte"^, T. Lari*^^, A.V. Larionov ^^^, A. Larner"*^, G. Lasseur^^, M. Lassnig^^, P. Laurelli'''^, A. Lavorato"*, 
W. Lavrijseni"*, P. Laycock", A.B. Lazarev'^'^, O. Le Dortz", E. Le Guirriec®^, C. Le Maner^^*, E. Le Menedeu"^, 
C. LebeF^ t. LeGompte^, F. Ledroit-GuillonSS^ H. Lee^°^, J.S.H. Lee^^", S.G. Lee^^i, L. Lee^", M. Lefebvrei^s, 
M. Legendre"'^, A. Leger'^^, B.C. LeCeyt^^o^ p Pegger^*, G. Leggett^"^ j^L Lehmacher^o, G. Lehmann Miotto^^, 
X. Lei^, M.A.L. Leite^^^^ p. Leitner^^e^ D. Lellouch"i, M. Leltcliouk34 , V. Lendermann^s^, K.J.G. Leney^'^''^'', 
T. Lenzi"5^ G. Lenzen^", B. Lenzi^^, K. Leonliardt'*^^ S. Leontsinis^, C. Leroy^^^ J-R. Lessardl6^ J. Lesseri'^^a^ 
C.G. Lester^'^, A. Leung Fook Gheong^'^^^ j Leveque'*, D. Levin*'^, L.J. Levinson^'^^ , M.S. Levitski^^s^ 
M. Lewandowska^i, A. Lewis"*, G.H. Lewis^o*, A.M. Leyko^o, M. Leytoni^, B. Li*^, H. Li^", S. Li^^b^'^, X. Li^^ 
Z. Liang39, Z. Liang"*'«, B. Liberti"^^, P. Lichard^^, M. Lichtnecker^*, K. Lie^'^^, W. Liebig^^, R. Lifshitz^^^ 
J.N. Lilleyi^, C. Limbach^o, A. Limosani*6, M. Limper^s, S.G. Lin^si^^, F. Linde^o^^ J.T. Linnemann**, E. Lipeles^^o, 
L. Lipinskyi25^ A. Lipniacka", T.M. Uss^^^, D. Lissauer^^, A. Listeria, A.M. Litke^^^, G. Liu^*, D. Uu^^'^''^, H. Liu*'^, 
J.B. Liu*^, M. Liu32b, S. Liu^, Y. Liu32b^ M. Livan"^^'"^'', S.S.A. Liverniore"*, A. Lleres5^ J. Llorente Merino*°, 
S.L. Lloyd", E. Lobodzinska^i, P. Loch^, W.S. Lockman^^^ S. Lockwitz^", T. Loddenkoetter^o, F.K. Loebinger*^, 
A. Loginoyi", G.W. Lollies, T. Lohsei^, K. Lohwasser"*, M. Lokajiceki^s^ J. Loken "*, V.P. Lombardo", R.E. Long^i, 
L. Lopesi24a.6^ D. Lopez Mateos^^ M. Losada^^^^^ p_ Loscutoffi'^, F. Lo Sterzo"2a,i32b^ j^pj_ postyissa^ x. Lou"", 
A. Lounis"'\ K.F. Loureiroi62^ j. Love2i, P.A. Love^^, A.J. Lowe^-^^./, F. Lu32a, H.J. Lubatti^^s, G. Luci"2a432b^ 

13 



A. Lucotte^^ A. Ludwig'^^^ £, Ludwig'^i, I. Ludwig''^ J. Ludwig''^ F. Luehring^i, G. Luijckxl°^ D. Lumb'*^ 

L. Luminarii32a^ g_ Lund"'^, B. Lund- Jensen"'^, B. Lundberg^^, J. Lundberg"'5'»"i'"5b^ j Lundquist^^, M. Lungwitz^^ 

A. Lupii22a,i22b^ Q Lutz^^, D. Lynii24, J. Lysi", E. Lytken^^, H. Ma^^, L.L. Ma"^, J.A. Macana Goia^^^ 
G. Maccarrone"*^, A. Macchiolo^^ , B. Macek'^'^, J. Machado Miguens^^''''-, R. Mackeprang^^, R.J. Madaras^^^, 

W.F. Mader43, R. Maenner58<=, T. Maeno^"*, P. Mattig^'^'^, S. Mattig'^\ P.J. Magalhaes Martins ^ 24a, ft ^ L Magnoni^^, 

E. Magradze^"^ y. MahalaM^^^, K. Mahboubi''^, G. Mahout", C. Maianii32a,i32b^ q Maidantchik^s^, A. Maioi24a,f'^ 
S. Majewski24, Y. Makida^'^^ ]v^_ Makovec"^ P. Mal^, Pa. Malecki^^, P. Malecki^^, V.P. Maleev^^i, F. Malek5^ 

U. Mallik63, D. Malon^ S. Maltezos^ V. Malyshevi""^, S. Malyukov^^, R. Mameghani9^ J. Mamuzici^b, A. ManabeS^ 
L. Mandelli^^^, I. Mandic'^'', R. Mandryschi^, J. Maneirai24a^ p g_ Mangeard^^ I.D. Manjavidze^^^ A. Mann^^, 
P.M. Manningi37^ j^ Manousakis-Katsikakis*, B. Mansoulie^^'^, A. Manz^^, A. Mapelli^^, L. Mapelli^^, L. March *°, 
J.F. Marchand^^, F. Marchese^^^^''^^^'', G. Marchiori"^*, M. Marcisovsky^^s^ ^_ Marin^i'*, C.P. Marino'^\ 

F. Marroquim23'^, R. Marshall®^^ Z. Marshah^^, F.K. Martens^^^s, S. Marti-Garciai^^ A.J. Martini^'\ B. Martin^^, 

B. Martin*^, F.F. Martin^^o^ j p_ Martin^^^ p^ Martin^^, T.A. Martin", B. Martin dit Latour^^, M. Martinez", 

V. Martinez Outschoorn^'^, A.C. Martyniuk*^, M. Marx*^, F. Marzano^-'^^a^ ^ Marzin"\ L. Masetti*\ T. Mashinio^'"'^, 

R. Mashinistov^"*, J. Masik*^, A.L. Maslennikovi°^, I. Massa^^'^'i^'', G. Massaroi"^^ N. Massol"*, 

P. Mastrandreai32a,i32b^ ^ Mastroberardino^^^^'^^'', T. Masubuchii^^, M. Mathes^", P. Matricon"^ H. Matsumoto^^^^ 

H. Matsunagal5^ T. Matsushita^^, C. Mattravers"*^^ J.M. Maugain29, S.J. Maxfield^^, D.A. Maxiniovi°^, E.N. May^, 

A. Maynei39, R. Mazini^si, M. Mazur2", M. Mazzanti^^^^, E. Mazzonii22a,i22b^ g_p ^^ Kee*^ A. McCarnies^ 

R.L. McCarthyi48, T.G. McCarthy28, N.A. McCubbini29, K.W. McFarlane5^ J.A. Mcfayden^^s, H. McGlone^^^ 

G. Mchedlidze^i, R.A. McLaren29, T. Mclaughlan", S.J. McMahon"^, R.A. McPhersoni^Sj", A. Meade^'', 

J. Mechnichl°^ M. Mechtel"'^, M. Medinnis'*\ R. Meera-Lebbai"\ T. Meguro"^ R. Mehdiyev^^^ g_ Mehlhase^^ 

A. Mehta^^, K. Meier^**", J. Meinhardt'^^ , B. Meirose^^, C. Melachrinos^o, B.R. Mellado Garcia"2^ 

L. Mcndoza Navasi62^ z. Meng^^i'^, A. Mengarelhi^'^'i^b, S. Menke^^, C. Menot^^, E. Meoni", K.M. Mercurio'", 

P. Mernlod"^ L. Merolai02a402b^ q_ Meroni^S'^, F.S. Merritt^o, A. Messina^^, J. Metcalfe^^^^ A.S. Mete^"*, S. Meuser20, 

C. Meyer^i, J-P. Meyer^^e^ J. Meyer"^^ j. Meyer^^, T.G. Mcyer29, W.T. Meyer^^, J. Miao32d, S. Michal^^, L. Micu^S'^, 
R.P. Middletoni29, p. Miele29, S. Migas^^^ L. Mijovic^i, G. Mikenberg"i, M. Mikestikoval2^ M. Mikuz^"^ 

D.W. Milleri43, R.j. MiUer^^ W.J. MiUsi^s, C. Mihs^^, A. Milov"i, D.A. Milsteadi46a,i46b^ j3_ Milstein"i, 

A.A. Minaenko"^, M. Miiianoi'^^, LA. MinashviH6^ A.L Mincer^"^, B. Mindur^"^, M. Mineev^^^, Y. Ming^^", 

L.M. Mir", G. Mirabelh"2a^ l Miralles Verge", A. Misiejuk^^^ J. Mitrevski^^^^ G.Y. Mitrofanov"^, V.A. Mitsou^^^, 

S. Mitsui^s^ p g_ Miyagawa*^ K. Miyazaki^^, J.U. Mjornmark^^, T. Moa"6a,i46b^ p_ Mocketti^s, S. Moed", 

V. Moeller27, K. Monig^i, N. M6ser20, S. Mohapatra"*, W. Mohr^s, S. Mohrdieek-Mock^^, A.M. Moisseev"^'*, 

R. Moles- Valls^^^ J. MoHna-Perez29, J. Monk^^, E. Monnier^^^ S. Montesano^^^-^^b^ p MonticeUi^", S. Monzanii^'^'is'^, 

R.W. Moore^ G.F. Moorhead*^ G. Mora Herrera'*^ A. Moraes^^^ A. Moraisi24a,6^ ^^ Morange^^e^ j_ Morel^"*, 

G. Morello^S'^'^^'', D. Moreno®\ M. Moreno Llaceri^^, P. Morettini^O'', M. Morii'", J. Morin^^^ Y. Morita'^^ 

A.K. Morley29, G. Mornacchi29, M-C. Morone^^, S.V. Morozov^^^ j p, Morris^^^ L. Morvaj^"!, H.G. Moser^^, 

M. Mosidze5\ J. Moss^o^, R. Mount^^s^ E. Mountricha^^e^ gy Mouraviev^"*^ E.J.W. Moyse^'^, M. Mudrinic^^b^ 

F. Mueller^s^, J. Mueher^^^ k. Muener20, T.A. Miiller^*, D. Muensterniann29, A. Muir^^^, Y. Munwes^^^^ 

K. Murakami^e, W.J. Murray^^^, L Musschel"^ E. Mustoi"2a402b^ A_q_ Myagkov"^, M. Myska"'\ J. Nadal", 

K. Nagai^so, K. Nagano^^, Y. Nagasaka^°, A.M. Nairz29, Y. Nakahama2^ K. Nakanlura"^ L Nakano"°, G. Nanava^o, 

A. Napier^si^ ^ Nash^'^-^ N.R. Nation2i, T. Nattermann20, T. Naumann"*!, G. Navarrol^^ H.A. Neal*^, E. Nebot^o, 
P.Yu. Nechaeva^^, A. Negri"^^^"^'^, G. Negri29, S. Nektarijevic'*^ S. Nelson"^^ t.K. Nelson^^s^ S. Nemecek"^^ 

P. Nemethyi°*, A.A. Neponiuceno23a^ M. Nessi29^*, S.Y. Nesterov"\ M.S. Neubauerl'5^ A. Neusiedl^^ R.M. Neves^o®, 
P. Nevski24, P.R. Newman", V. Nguyen Thi Hong^^e^ R.B. Nickerson"^ R. Nicolaidoui^e^ L. Nicolas^^g^ 

B. Nicquevert^s, F. Niedercorn"^ J. Nielsen^^^^ T. Niinikoski29, A. Nikiforov", V. Nikolaenko"^, K. Nikolaev^^, 
L NikoHc- Audit ^s, K. Nikohcs'*^ K. Nikolopoulos^^, H. Nilsen^*, P. Nilsson^, Y. Ninomiya "^^ A. Nisati"2a^ 

T. Nishiyama'^^, R. Nisius^^ L. Nodulman^, M. Nomachi"^, L Nomidis""^ m. Nordberg29, B. Nordkvist"^^^"^'', 
P.R. Norton"^ J. Novakova"6^ m. Nozaki^^, M. Nozicka'^\ L. Nozka"^, LM. Nugent"'^'', A.-E. Nuncio-Quiroz2", 

G. Nunes Hanninger^^ T. Nunnemann^^, E. Nurse^^ T. Nynian29, B.J. O'Brien^s, S.W. O'Neale"'*, D.C. O'Neil"^^ 
V. O'Shea^^^ F.G. Oakhani28^% H. Oberlack^^, J. Ocariz^^, A. Ochi^^, S. Oda"^ S. Odaka^e, J. Odier^s, H. Ogren^i, 
A. Oh*^^ S.H. Oh'^'*, C.G. Ohm"6aa46b^ rp ohshiniai°i, H. Ohshitai-*", T.K. Ohska^e, T. Ohsugi^^, S. Okada^^, 

H. Okawa^^^^ y. Okumurai°\ T. Okuyama"^ M. Olcese^o^, A.G. Olchevski^s, M. 0Hveira"4a,ft^ 

D. Oliveira Daniazio24, E. Ohver Garcia^'^'^, D. Ohvito"", A. Olszewski^*, J. Olszowska^*, G. Omachi'''^, 

A. Onofre"4a,«^ P.U.E. Onyisi^o, G.J. Oramissa^ m.J. Oregha^", Y. Oren"^^ D. Orestanoi34a,i34b^ j_ Orlovi^^^ 
G. Oropeza Barrera^^^ j^ g Orr"^, B. Osculati^O'^-'^"'', R. Ospanov"", G. Osuna", G. Otero y Garzon26, 
J.P Ottersbachlo^ M. Ouchrifi^sd^ p. Ould-Saada"^ A. Ouraou"^^ Q. Ouyang32a^ jy,- Owen82, S. Owen^^s, 
V.E. Ozcanisa^ N. Ozturk^ A. Pacheco Pages", C. Padiha Aranda", S. Pagan Griso^"*, E. Paganis^^s, F. Paige24, 
K. Pajchel"^, S. Palestini29, D. Palhn^^, A. Palma"4a,b^ j p Palmer", Y.B. Pan"2, E. Panagiotopoulou^ 
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B. Panes^i'^, N. Panikashvili^'^, S. Panitkin^^, D. Pantca^^^^ M. Panuskova^^^^ V. Paolonei^s^ A. Papadelisi-^^a^ 
Th.D. Papadopoulou^ A. Paramonov^, W. Park^".", M.A. Parker^^, p. Parodi5"'''^°'', J. A. Parsons^", U. Parzefall'*^ 
E. Pasqualuccii32a^ A. Passerii34a^ p_ Pastorei34a,i34b^ ^r. Pastore^^, G. Pasztor "9.™, S. Pataraia^^^ N. Patel^^o, 
J.R. Pater^^ S. Patricellii02a402b^ rj. pauiy29^ m_ Pecsy"4a^ m.I. Pedraza Morales^^^^ g y. Peleganchuki''7^ 

H. Peng32b^ j^_ Pengo^s, A. Pcnson^^, J. PenwellS\ M. Pcrantoni^^a, K. Perez^^'^, T. Perez Cavalcanti'*\ 

E. Perez Codina", M.T. Perez Garcia-Estafii^'^, V. Perez Reale^", L. Perini^^a^gb^ jj_ Pernegger^^, R. Perrino'^^a^ 

P. Perrodo"*, S. Persembe^^, V.D. Peshekhonov*'^ O. Petersl°^ B.A. Petersen^^, J. Petersen^^, T.C. Petersen^^, 

E. Petit^^^ A. Petridisi54^ q Petridoui^^^ g Petroloi32a^ p. Petruccii34a434b^ P)_ Petschull^i, M. Petteni"2^ 
R. Pezoa^ib^ A. Phan^^^ A.W. Phillips27, p.W. Phillipsi29, G. Piacquadio29, E. Piccaro^^ M. Piccininii^'^'is'^, 
A. Pickford53, S.M. Piec'^i, R. Piegaia26, J.E. Pilcher^o, A.D. Pilkington*^, J. Pinai24a,f'^ m. Pinamontii64a,i64c^ 
A. Pinder"^, J.L. Pinfold2, J. Ping32=, B. Pintoi24a,(>^ q. Pirotte^^, M. Pitt^^i, C. Pizio*^9a,89b^ j^_ Placakyte'^i, 
M. Planiondoni69, W.G. Plano82^ jyj,^ Pleier24, A.V. Pleskachi28, A. Poblaguev24, S. Poddar^s^^, F. Podlyski^^, 
L. Poggioli"^^ T. Poghosyan2", M. Pohl^^, F. Polci^s, G. Polesello^i^'^, A. Policicchioi^s, A. Polinii^'^, J. Poll^^ 
V. Polychronakos^'*, D.M. Pomarede^"^^, D. Ponicroy22, K. Pommes^^, L. Poiitccorvo^^2a^ B.G. Pope^®, 

G.A. Popeneciu^sa, D.S. Popovic^^^, A. Popplcton29, X. Portell Bueso29, R. Porter^^s^ C. Posch2i, G.E. Pospelov^^, 
S. Pospisili27^ I.N. Potrap99, C.J. Potteri^^, C.T. Potter"'', G. Poulard^^, J. Povedai^2^ j^_ Prabhu^^, P. Pralavorio^^ 
S. Prasad^^ R. Pravahan^, S. Prell^"*, K. Pretzl^^, L. Pribyl29, D. Price^^, L.E. Price^ M.J. Price^^, P.M. Prichard^^^ 

D. Prieur^23^ j^/j Primavera^^^, K. Prokofiev^"^, F. Prokoshin'^^'', S. Protopopescu^'*, J. Proudfoot^, X. Prudenf*^, 
H. Przysiezniak4, S. Psoroulas20, E. Ptacek"'', J. Purdham*'^, M. Purohit24^'', P. Puzo"^ Y. Pylypchenko"^ 

J. Qian87, Z. Qiaii*3^ 2. Qin4i, A. Quadt54, D.R. Quarriei", W.B. Quayle"^ F. Quinonez^i^, M. Raasi""*^ 

V. Radescu^*'', B. Radics20, T. Rador^*^^, F. Ragusa^^'^-^^'^, G. Rahal^^^, A.M. Rahimiio^, D. Rahni24, 

S. Rajagopalan24^ M. Rammensee^^, M. Rammes^'*^, M. Ramstedt^^^'^'-'^^^, K. Randrianarivony28, P.N. Ratoff^^, 

F. Rauscher^^, E. Rauter^^, M. Raymond^^, A.L. Read"^, D.M. Rebuzzi"^'''"^'', A. Redelbach^^^^ q Redlinger24, 
R. Reece^^o^ ^ Reeves-^o, A. Reicholdl°^ E. Reinherz-Aronisi^^ A. Reinsch"'', I. Reisinger''2, D. Reljic^^a^ 

C. Renibser29, Z.L. Ren^^^, A. Renaud"^ P. RenkeP^, M. Rescignoi32a^ g Resconi*^'', B. Resende^^e^ p Reznicek^^, 
R. Rezvanii^s, A. Richards"^^, R. Richter^^, E. Richter-Was^s^?/, M. RideF*, S. Rieke*\ M. Rijpstral°^ 

M. Rijssenbeeki48, A. Rimoldi"^^'"^'', L. Rinaldii^'', R.R. Rios^^, I. Riu", G. Rivoltella^^'^'SSb^ p. Rizatdinova"2, 

E. Rizvi^^ S.H. Robertson®^-', A. Robichaud-Veronneau'^^, D. Robinson2'^, J.E.M. Robinson^"^, M. Robinson"'^, 

A. Robson^^^ J.G. Rocha de Limai"^^ c. Rodai22a422b^ p, ^^^.^ pj^g Santos29, S. Rodier^", D. Rodriguezi62^ A. Roe'^"^ 
S. Roe^s, O. R0hne"^ V. Rojo\ S. Rolliis\ A. Romaniouk^^ V.M. Romanov^s, G. Romeo^^, D. Romero Maltrana^i^, 
L. Roos^^ E. Ros^^^ S. Rosatii32a,i32b^ ^ Rosbach''^, M. Rose^^^ q j^ Rosenbaumi^s, E.I. Rosenberg64, 
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^^^ Department of Physics, University of Washington, Seattle WA, United States of America 
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^^'^ School of Physics, University of Sydney, Sydney, Australia 

^^^ Institute of Physics, Academia Sinica, Taipei, Taiwan 

^^^ Department of Physics, Technion: Israel Inst, of Technology, Haifa, Israel 

^^^ Raymond and Beverly Sackler School of Physics and Astronomy, Tel Aviv University, Tel Aviv, Israel 

^^'^ Department of Physics, Aristotle University of Thessaloniki, Thessaloniki, Greece 

^^^ International Center for Elementary Particle Physics and Department of Physics, The University of Tokyo, Tokyo, 

Japan 

^^^ Graduate School of Science and Technology, Tokyo Metropolitan University, Tokyo, Japan 

^^''^ Department of Physics, Tokyo Institute of Technology, Tokyo, Japan 

^^^ Department of Physics, University of Toronto, Toronto ON, Canada 

159 (")tRIUMF, Vancouver BC; ^''^ Department of Physics and Astronomy, York University, Toronto ON, Canada 

^^" Institute of Pure and Applied Sciences, University of Tsukuba, Ibaraki, Japan 

^^^ Science and Technology Center, Tufts University, Medford MA, United States of America 

^^'^ Centro de Investigaciones, Universidad Antonio Narino, Bogota, Colombia 

^^^ Department of Physics and Astronomy, University of California Irvine, Irvine CA, United States of America 

164 (a)jp^pN Gruppo CoUegato di Udine; (''^ICTP, Trieste; ('^^Dipartimento di Fisica, Universita di Udine, Udine, Italy 

^^^ Department of Physics, University of Illinois, Urbana IL, United States of America 

^^^ Department of Physics and Astronomy, University of Uppsala, Uppsala, Sweden 

^^^ Instituto de Fisica Corpuscular (IFIC) and Departamento de Fisica Atomica, Molecular y Nuclear and 

Departamento de Ingeniera Electronica and Instituto de Microclectronica de Barcelona (IMB-CNM), University of 

Valencia and CSIC, Valencia, Spain 

^^^ Department of Physics, University of British Columbia, Vancouver BC, Canada 

^^^ Department of Physics and Astronomy, University of Victoria, Victoria BC, Canada 

^'^'^ Waseda University, Tokyo, Japan 

^'^^ Department of Particle Physics, The Weizmann Institute of Science, Rehovot, Israel 

^"^^ Department of Physics, University of Wisconsin, Madison WI, United States of America 

^"^^ Fakultat fiir Physik und Astronomic, Julius-Maximilians- Universitat, Wiirzburg, Germany 

20 



^''^'^ Fachbereich C Physik, Bergische Universitat Wuppertal, Wuppertal, Germany 

^"^^ Department of Physics, Yale University, New Haven CT, United States of America 

^"^^ Yerevan Physics Institute, Yerevan, Armenia 

^"^"^ Domaine scientifiquc de la Doua, Centre de Calcul CNRS/IN2P3, Villeurbanne Cedex, France 

" Also at Laboratorio de Instrumentacao e Fisica Experimental de Particulas - LIP, Lisboa, Portugal 

'' Also at Faculdade de Ciencias and CFNUL, Universidade de Lisboa, Lisboa, Portugal 

■^ Also at Particle Physics Department, Rutherford Appleton Laboratory, Didcot, United Kingdom 

•^ Also at CPPM, Aix-Marseille Universite and CNRS/IN2P3, Marseille, France 

^ Also at TRIUMF, Vancouver BC, Canada 

■f Also at Department of Physics, California State University, Fresno CA, United States of America 

^ Also at Faculty of Physics and Applied Computer Science, AGH-University of Science and Technology, Krakow, 

Poland 

'' Also at Department of Physics, University of Coimbra, Coimbra, Portugal 

* Also at Universita di Napoli Parthenope, Napoli, Italy 
^ Also at Institute of Particle Physics (IPP), Canada 

'^ Also at Department of Physics, Middle East Technical University, Ankara, Turkey 
' Also at Louisiana Tech University, Ruston LA, United States of America 
™ Also at Group of Particle Physics, University of Montreal, Montreal QC, Canada 
" Also at Institute of Physics, Azerbaijan Academy of Sciences, Baku, Azerbaijan 
° Also at Institut fiir Experimentalphysik, Universitat Hamburg, Hamburg, Germany 
P Also at Manhattan College, New York NY, United States of America 

* Also at School of Physics and Engineering, Sun Yat-sen University, Guanzhou, China 

^ Also at Academia Sinica Grid Computing, Institute of Physics, Academia Sinica, Taipei, Taiwan 

* Also at High Energy Physics Group, Shandong University, Shandong, China 

* Also at Section de Physique, Universite de Geneve, Geneva, Switzerland 

" Also at Departamento de Fisica, Universidade de Minho, Braga, Portugal 

" Also at Department of Physics and Astronomy, University of South Carolina, Columbia SC, United States of America 

" Also at KFKI Research Institute for Particle and Nuclear Physics, Budapest, Hungary 

^ Also at California Institute of Technology, Pasadena CA, United States of America 

y Also at Institute of Physics, Jagiellonian University, Krakow, Poland 

^ Also at Department of Physics, Oxford University, Oxford, United Kingdom 

"" Also at Institute of Physics, Academia Sinica, Taipei, Taiwan 

"■^ Also at Department of Physics, The University of Michigan, Ann Arbor MI, United States of America 

"■^ Also at DSM/IRFU (Institut de Recherches sur les Lois Fondamentales de I'Univers), CEA Saclay (Commissariat a 

I'Energie Atomiquc), Gif-sur-Yvettc, France 

'"' Also at Laboratoire de Physique Nucleaire et de Hautes Energies, UPMC and Universite Paris-Diderot and 

CNRS/IN2P3, Paris, France 

"■'^ Also at Department of Physics, Nanjing University, Jiangsu, China 

* Deceased 



21 



